New silicon material specifically produced for the Avogadro project has been surveyed for lattice parameter uniformity with a relative uncertainty near 1 x 10-8.
Summarv
New high quality silicon material has been produced as potential starting material for a precision determination of the Avogadro constant, NA. An assessment of the uniformity of this material is an essential first step in determining whether this material is of sufficient quality to be used in this project. Two boules, approximately 165 cm long and 100 mm in diameter, have been produced by Wacker Siltronic. One of the boules was grown with a slight nitrogen doping to prevent the agglomeration of self-point defects to swirl defects. We have compared the lattice spacing of this material against a standard silicon crystal by extracting samples which were distributed longitudinally and radially in each of the boules. The results of this extensive comparison will be presented. Samples appropriate for lattice comparison were prepared by two techniques: grinding followed by etching and grinding followed by chemical-mechanical polishing. The distribution of lattice comparison results showed an unexpected dependence on the surface preparation. This has led us to expand our surface preparation studies with the goal of establishing a procedure which has little or no influence on the bulk lattice parameter. A progress report on surface preparation studies will be presented.
The NIST lattice comuarator
The NIST lattice spacing comparator measures the changes in Bragg angle for different crystal samples and uses the differential form of the Bragg equation, Add=-cote(Ae), to infer lattice spacing differences. The comparator is a two crystal diffractometer which has two x-ray tubes, two detectors, and a translation device for automatic interchange of crystal samples which are used in the second crystal position. All profiles are recorded using a nearly nondispersive geometry which is insensitive to the spread in wavelength, AX, of the x-ray line. Changes in Bragg angle are measured using a heterodyne angle interferometer which is calibrated with an optical ploygon. Sensitivity to drifts is minimized by simultaneous recording of x-ray profiles. The crystals are prepared with nearly equal thicknesses ( E 3 microns) in order that the profiles have pronounced pendellosung oscillations which significantly increase (-50) the pointing precision of the x-ray profiles. The total relative uncertainty of the lattice comparator measurements is typically on the order of 1 x 10-8. A more complete description of the NIST lattice comparator can be found in ref 1. grinding followed by etching to remove surface damage.
Measureme nts of t he new Avogad ro mater&
Results showing radial and longitudinal variations will be presented along with histograms which show the spread of all the measurements. For some boule positions additional samples were prepared by grinding followed by chemical-mechanical polishing (cmp). Results for these samples will also be presented. In general, the spread of results on cmp samples is significantly larger than for samples prepared by etching which has led us to consider alternative surface preparation techniques.
At the time of the submission of this abstract, we are in the process of preparing new samples by grinding followed by cmp followed by etching. By including cmp between grinding and etching, we hope to obtain a more uniform strain-free sample. In addition, some of the crystals prepared in this way will be treated in a controlled atmosphere in an attempt to more properly terminate the crystal surface. Initial results on surface preparation are likely to be available for CPEM 98.
Improvement of lattice comparison measurements
The uncertainty of the NIST lattice spacing comparator is close to 1 x 10-8. Improvements in the absolute lattice spacing measurements along with the demands on the uniformity of silicon material for the Avogadro project suggest that current lattice spacing comparison techniques need to be improved by a factor of 2 to 4. Some possibilities for improving the NIST lattice spacing comparator will be presented.
